The application of nanotechnology in various fields of science has earned a great concern over the past decades. The natural products and surface-modified polymers and metallic nanoparticles (NPs) have evolved as promising nanomaterials for targeted prostate cancer treatment. In the present study, Chitosan/poly (vinyl alcohol) (Cs/PVA) blend was synthesized by gamma radiation which could behave a nanoreactor for silver (Ag) and gold (Au) nanoparticle with promising anticancer applications. (Cs/PVA/Ag) and (Cs/PVA/Au) nanocomposites were confirmed by SEM (scanning electron microscope) and TEM (transmission electron microscope) analysis. The swelling properties have been investigated as a function of time and pH. The anti-cancer activity of the prepared nanocomposites was demonstrated in prostatic cancer cell line. It has a significant effect against prostatic cancer. However, metal nanoparticles have shown a good experimental success in the field of nanomedicine especially in cancer treatment, which has always been an area of high concern. The collaboration of biomedical research in the identification and characterization of biomedical strategies using the interesting metal nanocomposite will impact the future nanomedicine greatly.
Introduction


Chitosan is a cationic polysaccharide. It is a copolymer of N-acetyl glucosamine and glucosamine unit obtained mainly from N-deacetylation of chitin. It has been extensively employed in biological and biomedical applications owing to its biocompatibility and biodegradability [1] . It can swell in water due to extensive crosslinking, retaining a significant fraction of water within their structure of several functional groups (i.e., amino, carboxyl, amide, hydroxyl and sulphonic) in the polymers of the hydrogel forming network without dissolving [2] . Additionally, chitosan is versatile biopolymer that is inexpensive and contains some important physiological properties such as biodegradable, biocompatible, non-toxic, non-allergenic and mucoadhesive properties for mammals. These properties of chitosan make it suitable to be used in various fields including biomedicine, agriculture, cosmetics, environmental protection, food, fiber industries and wastewater management [3] . It has an antimicrobial activity and can change into any shape and size, such as films, microspheres, nanoparticles, porous membranes and scaffolds. They have been studied for various applications in different fields: medicine, pharmacy, biotechnology and controlled drug release [2] . In medical fields chitosan has been used as wound healing, tissue engineering, sciences [6, 7] . Gold nanoparticles (Au-NPs) are likely to provide an attractive platform for combining a variety of bio-physiochemical properties into a unified nanodevice with great therapeutic potential [8] . The inertness and biocompatibility of Au-NPs make them very promising for specific applications such as medical imaging, drug delivery, gene delivery, and molecular sensing [9] . On the other hand, silver nanoparticles (Ag-NPs) have been intensively studied because of their effective use in drug delivery [10] , biomedical [11] [12] [13] , textile industries [14] , water treatment [15] , food industries [16] , agriculture [17] , catalysis and SERS (surface-enhanced Raman scattering) [7] .
Generally, metal NPs agglomerate due to high active surface area. To stabilize and control the NPs structures, various surfactants, polymers, dendrimers, biological templates, and biomacromolecules were used [18] . By considering the importance of hydrogel networks and natural polymers (carbohydrates) such as dextran, starch, carboxymethylcellulose, acacia as effective carriers for nano-systems, prompted us to draw a new idea in which semi-inter penetrating network (IPN) hydrogels prepared in presence of prepolymers that would be better choice to cook metal nanoparticle in their networks [19] . Hydrogels offer large free space between the cross-linked networks in the swollen stage that can act as a nanoreactor for the nucleation and growth of the NPs [20] . For this purpose, the combination of poly (N-vinylpyrrolidone) (NVP) hydrogel and dextran systems is selected because of their more relevance for pharmaceutical and biomedical applications [21] .
In this study (Cs/PVA) hydrogel and (Cs/PVA/Ag) and (Cs/PVA/Au) nanocomposite were prepared by gamma irradiation. They were confirmed by Scanning SEM (scanning electron microscope) and TEM (transmission electron microscope) analysis. The swelling properties have been investigated as a function of time and pH. The anti-cancer activity of the prepared nanocomposites was demonstrated in human prostate cancer cell line PC3.
Materials and Methods
Materials
A medium molecular weight chitosan (Cs) and Poly (vinyl alcohol) (PVA) of MW 15,000 kg/mol were supplied from Sigma-Aldrich Inc and were used as received. AgNO3 purchased from oxford laboratory Mumbai (India). NaBH4 (96%, Merck) were used without further purification. HAuCl4·3H2O purchased from Sigma-Aldrich Inc. Other chemicals were purchased from El-Nasr Co. for Chemical Industries, Egypt and used without further purification.
Methods
Synthesis of Cs/PVA Blend
An aqueous solution of (10% w/v) PVA was prepared by dissolving the determined quantity of PVA at 80 °C in water bath with constant stirring for 6 h. The Cs solution (1% w/v) was dissolved in dilute acetic acid solution (1% w/v) at 60 °C in water bath with constant stirring for 4 h. Cs/PVA blends were done by mixing different ratios Cs: PVA (1:9, 1:4, and 2:3). The resulting solutions were poured into test tubes (inner diameter 5 mm) and subjected to gamma-irradiation subjected to 60 Co-gamma rays at irradiation dose 30 kGy and dose rate 2 kGy/h. The formed cross-linked blend was cut into nearly equal disks and were extracted in distilled water at 60 °C over night to Blends loaded metal ions were placed into distilled water for 24 h to remove unbound metal ions. Then, they were reduced by transferring them into 50 mL of 5% NaOH for 6 h and then in 50 mL of 0.5 M NaBH4 for another 6 h to complete reduction of the metal ions. Soaking them in de-ionized water for 12 h and drying in oven at 40 °C.
Swelling Measurements
The clean, dried and pre-weighted blend discs were soaked in distilled water or buffer solutions at 25 °C for different interval time durations. The discs were removed and the excess water on the surface was removed by blotting quickly with filter paper and weighed. The swelling percent was calculated as follows:
Swelling percent = X 100 (1) where, Ws and Wd are the weights of the swollen and the dried hydrogel, respectively.
Instrumentations
The morphological observation was done by Jeol JSM-5400 scanning electron microscopy SEM. TEM measurements were performed using a TEM JEOL: JEM-100cx. The composite powder was dispersed in ethanol using an ultrasonic device, placed on carbon-coated copper grids, and dried under ambient conditions for the morphological observation.
Human Tumor Cell Lines
Human tumor carcinoma prostate PC3 cell lines used in this study were obtained from the ATCC (American type culture collection, Minnesota, USA). The tumor cell lines were maintained at the National Cancer Institute, Cairo, Egypt, by serial sub-culturing. Samples were prepared by dissolving 1:1 stock solution and stored at -20 °C in dimethylsulfoxide (DMSO) at 100 mm. Different concentrations of the drug were used 5, 12.5, 25, 50 μg/mL.
2.3.1 Cell Culture and Maintenance RPMI-1640 medium was used for culturing and maintenance of the human tumor cell lines. It was supplied in a powder form. The working solution was prepared by dissolving 10.4 gm powder and 2 gm sodium bicarbonate dissolved in 1 L distilled water. The prepared medium was then sterilized by filtration in a Millipore bacterial filter (0.22 μm) and kept in a refrigerator at (4 °C). Before use the medium was warmed at 37 °C in a water bath and supplemented with 1% penicillin/streptomycin and 10% fetal bovine serum. A cryotube containing frozen cells was taken out of the liquid nitrogen container and then thawed in a water bath at 37 °C. The cryotube was opened under strict aseptic conditions and its contents were supplied by 5 mL supplemented medium drop by drop in a 50 mL sterile falcon tubes. The tube was incubated for 2 h then centrifuged at 1,200 rpm for 10 minutes and the supernatant was discarded, the cell pellet was suspended and seeded in 5 mL supplemented medium in T25 nunclon sterile tissue culture flasks. The cell suspension was incubated and followed up daily and the supplemented medium was replaced every 2-3 days. Incubation was continued until a confluent growth was achieved and the cells were freshly subcultured before each experiment to be in the exponential phase of growth.
In Vitro Cytotoxic Assay for PC3 Cancer Cell
The cytotoxicity was carried out using SRB (sulphorhodamine-B) assay following the method reported by Vichai and Kirtikara [22] and expressed as the survival fraction. SRB is a bright pink amino-anthracene dye with two sulphonic groups. It is a protein stain that binds to the amino groups of intracellular proteins under mildly acidic conditions to provide a sensitive index of cellular protein content. Cells were seeded in 96-well microtiter plates at initial concentration of 3 × 103 cell/well in a 150 μL fresh medium and left for 24 hours to attach to the plates. The IC 50 values (the half maximal inhibitory concentration value) which are a measure of the concentrations of drug required to produce 50% inhibition of cell growth were also calculated.
Result and Discussion
Swelling Measurements
Swelling behavior is the most significant characteristic of hydrogels and it reflects the affinity of the chemical structure of hydrogels for water and other surrounding fluids [23] . Fig. 1 presents the water uptake of different formulations of Cs/ PVA blend as a function of time. It was observed that a rapid rate of water uptake was observed which increased with time until equilibrium over a period of 600 min (10 h). Cs/PVA blend exhibited high water uptake due to the association/dissociation of the hydrogen bonding between the hydroxyl groups in the PVA and the amino groups in the Cs in the network [24] . It can be also noted that Cs/PVA blend of formulation 2/3 has the highest water uptake (≈ 900%). These results indicated a strong influence of the cross-linking on the water uptake. The higher cross-linked hydrogels tend to show lower water uptake because the highly cross-linked structure could not sustain much water with in the network structure [25] . In other meaning, the water uptake is higher when the network is connected with relatively low number of intermolecular bonds. Cs 
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663 produced a lower cross-linked density than PVA in the Cs/PVA blend hydrogel. The presence of higher Cs content in the polymer solution diminishes the probability of radical's recombination, subsequently the cross-linking density of the gel becomes lower. Therefore, more free volumes are available in the bulk polymer consequently more water can be absorbed. So, the higher the chitosan content in the hydrogel, the lower the cross-linking density whatever, the higher water uptake obtained [26] . Fig. 2 presents the swelling percent of different formulations of Cs/PVA blend as a function of pH. It was observed that PVA blends containing chitosan exhibited the highest swelling capacity at pH 2, and when pH is above 7 the degree of swelling changes little. Blends of high chitosan content showed a higher pH dependence and swelling capacity while more PVA blend does not show pH sensitivity and has the smallest swelling capacity. The larger swelling capacity can be due to the lower cross-linking density, while the larger pH sensitivity is due to the presence of more amino-groups in the blends. It is well known that the amino-groups of chitosan can be protonated in acidic media. This protonation induces electrostatic repulsions between the polymer segments. Besides, the protonation of the amino-groups may lead to the dissociation of hydrogen bonds among the polymers and thus to a relaxation of the macromolecular chains [27] . When Cs/PVA blend is in neutral or alkaline media, the swelling is strongly reduced due to the deprotonation of the amino-groups. The pH dependence of the extracted Cs/PVA blend is a strong indication that chitosan was successfully introduced into the formed cross-linked blended hydrogel during irradiation. The swelling behavior of Cs/PVA blend reduced to 44.7% at pH 7 because of crosslinking [23] .
SEM
SEM micrographs of the internal hydrogel structure show a porous filamentous matrix which could allow the transport of additives through the matrix. For of Cs/PVA blends (Fig. 3 ) the structure becomes less ordered and more porous with increasing Cs content. On the basis of the obtained results Cs seems to perturb the formation of PVA crystallites leading to a material with a less regular structure. It can be concluded that Cs macromolecule is able to affect the material structure, chitosan a perturbing effect on PVA crystallization [28] . Fig. 3 shows the surface morphological structure of (Cs/PVa) blend with different compositions. It can be observed that, the concentration of Cs affects the hydrogel pore structure. As seen in figure the (Cs/PVA) blend of composition (4:6) (Fig. 3C) shows larger pore structure compared with the other two compositions (1:9) and (2:8), which should be affected the degree of swelling [29] . The higher the Cs, the greater the porous size of the belnd. Our results suggested that the entangling between PVA was reduced by Cs [30] . However, the drug incorporated in the hydrogel did not significantly influence on the porosity [25] . Also, it can be observed that the network structure of the blend of composition (4:6) (Fig. 3B ) has extensive surface area with a lot of cavities, which suggested a better access to ions rebinding in the blend cavities. For (Cs/PVA/AgNp) (Figs. 3D and 3F ), Cs could also decrease the network densities because it induced 
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relatively entangled porous sizes and perturbed the stable three-dimensional polymer network [31] . The higher the Cs the greater amount silver nanoparticle trapped the blend. The Cs/PVA blend has exhibited a dense and uniform plain microstructure. Whereas Cs/PVA/AgNP showed the presence of defined nanoparticles in the structure (arrows) [32] . The micrographs all Cs/PVA/AuNP (Figs. 3G and 3I) Au nanoparticles are spherical and in homogeneously shaped [33] . The higher the Cs content the smaller amount Au nanoparticles trapped the blend.
TEM
Nanometer-sized particles are commonly present in many different types of materials and the use of TEM allows gathering information about particle size, and shape. The TEM images of (Cs/PVA/AgNp) and (Cs/PVA/AuNp) nanocomposites are shown in Fig. 4 . The images indicated that the particles are spherical in nature with dispersed morphology. The TEM results further illustrates that the particles formed have an average size of 50 nm [32] . TEM study provides 
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valuable information regarding size and distribution of AuNp within nanocomposites also in Fig. 5 indicated that the particles were uniform in shape and the average size of AuNp spherical particles was 36.3 ± 50.8 nm [34] .
Cytotoxic Assay PC3 Cells
Hydrogels prepared using natural chitosan have gained importance due to their promissory properties of biodegradability and biocompatibility [35] . Cs nanoparticle Cs-NP as delivered drugs accumulate selectively in tumor, rather than normal, tissues because of an enhanced permeation and retention effect [36] . In addition to its physicochemical properties, surface modifications of Cs play a crucial role in the cytotoxic profile and targeting of cancers that are characterized by rapid division and aggressive growth [37] . On the other hand, prostatic cancer has been diagnosed as the second most frequent and the sixth among the cancer-causing deaths among men worldwide [38] . Recent advancements in cancer nanotechnology have facilitated a better way to diagnosis and provide therapy for prostate cancer. Nanotechnology has the potential to battle tumors at the site, where the cancer begins [39] .
Therefore, in the present study the toxic effect of the prepared Cs/PVA hydrogels were evaluated against human prostatic cancer cells to explore their possible application as a drug carrier system for anti-cancerous drugs. The IC 50 values (the half maximal inhibitory concentration value) and the survival fraction on human prostate cancer cell line were calculated. The survival fraction was found to be higher in (5:5) hydrogel concentration followed by the concentration of (1:9) and (4:6). The difference was highly statistically significant (p-value ≤ 0.001). This indicating that, the increasing amount of Cs improves IC 50 value and the survival fraction (the IC 50 value was 11.3, 21, and 17.3 µg/ml respectively) ( Table 1 and Fig.  5 ). However, Cs oligomers possess antitumor activity tested both in vitro and in vivo [40] . Chitosan based hydrogels have been used for breast cancer, brain tumor, localized solid tumors, primary and secondary osteosarcoma, osteolysis and lung metastasis [41] [42] [43] [44] .
Additionally, gold nanoparticles (AuNPs) have attracted much attention in the field of biomedical imaging and clinical diagnostics, in the last decade [45, 46] . These NPs can also be surface modified by attaching targeting ligands and tagged with imaging molecules for specificity and effectiveness of the cancer diagnosis and therapeutics [39] . These NPs showed very high affinity and cellular internalization toward prostate cancer cells [47, 39] . The anti-androgen gold NPs are a novel approach to overcome the treatment-resistant and hormone-insensitive prostate cancer cells [48] . It has been observed to selectively accumulated in the prostate cancer cells that have a resistance to chemotherapy and are hormone insensitive [49] . The cytotoxic effect of various concentrations of Cs/PVA/AuNP (5, 12.5, 25 and 50 μg/mL) was assessed in PC3 cell cultures using SRB colorimetric assay at 48 h time intervals as shown in Table 2 and Fig. 6 . The survival fraction was 24.8% and 23.8% in containing mixed ethylenediamine (en) and 1, 2-DACH ligands and evaluated them for antiproliferation against PC3 cancer cell lines. As the in-vitro cytotoxic activity depends on the exposure time and the concentration of complexes, the growth inhibition was studied for 24-72 h using fixed concentration of 10 and 20 μg/mL concentrations. They found that, the complexes (1) and (3) showed better cell inhibition against PC3 cell line than complex (2). The cell inhibition was augmented with the increase in concentration of the complexes. However, the IC 50 value for PC3 cancer cells of complexes showed that the complexe (1) is relatively more effective cytotoxic agent than complexes (2) and (3) which is comparable to cisplatin [52] . Gold complexes have recently gained significant attention as a class of compounds with different pharmacodynamic and kinetic properties than cisplatin with strong cell growth inhibiting effects [53, 54] . The cell growth inhibiting effects, in many cases, could be related to anti-mitochondrial effects that make the gold complexes interesting [53, 55, 56] . However, the NPs can be incorporated with dual targets, the androgen receptor (AR1) which is a target for prostatic cancer therapy and a G protein receptor (GRC6A), which is seen upregulated in cancer prostate. On the other hand, The NPs also could induce cell death at nanomolar concentrations of the particles and could bind to the androgen receptor with high affinity. The attachment of the gold NPs to a prostatic cancer cell lines was proved by the detection of the PC cells in a photoacoustic flowmeter, which is fabricated to identify single cell of cancer prostate in the blood sample under flow [49] . The response of gold NPs to radiations and growth suppression in human prostatic cancer cells that are radiation resistant are investigated [57] . It was found that, the glucose was bound to the gold NP surface and sparing the normal cells. This can improve the cellular uptake of gold NPs selectively into malignant cells. On the other hand, The NPs was improved to be toxic to prostatic cancer cells and, radiation sensitive. Neoadjuvant intake of gold NPs proved to stimulate prostatic cancer cells against external beam radiation therapy [58] and to promote in vivo laser photothermal ablation therapy in prostate cancer animal models [39, 59] . Silver nanoparticles (AgNPs) have many biomedical applications due to its excellent biocompatibility and antibacterial properties. AgNPs aid in gathering and transporting drugs into the cancer cells [60] . The cytotoxic effect of various concentrations of the silver nanoparticles (Cs/PVA/AgNP, 5, 12.5, 25 and 50 μg/mL) was evaluated in vitro against prostatic human carcinoma cell lines (PC3) ( Table 3 and Fig. 7) . The survival fraction and the inhibition ratio were determined. The cytotoxic activity was determined according to the dose values of the exposure of the complex required to reduce survival to 50% (IC 50 ). The survival fraction was found to be 26.5% and 51.3% in hydrogel concentration of (1:9) and (4:6) with 250 ppm AgNP. The difference was statistically significant (p-value = 0.018). The inhibition ratio in (1:9) concentration was 73.5% and the IC 50 was 23.1 µg/mL. However, there was a negative effect on the PC3 cell cultures by adding 250 ppm AgNP to (4:6) hydrogel. This result was in accordance with Osman et al. 2015 [61] who reported inhibition ratios of 78% and 61% at concentration of 50 μg/mL against PC3 cell line. He and his colleagues revealed a strong inhibition of 98.0% and 92.0% respectively with increasing the concentration to 100 μg/mL for silver nanoparticles of A. deflectus. But, they do not have any cytotoxic effect for all concentrations with silver nanoparticles of P. pinophilum. They also found inhibition of the cell growth with IC 50 values of 35 μg/mL and 52.4 μg/mL respectively of the silver nanoparticles of A. deflectus under optimized and irradiated condition. Contrary, Mansour et al. 2018 [21] , found that AgNP has no cytotoxic activity against PC3 cell line. Additionally, silver nanoparticles obstruct with metabolism of cancer and tumor proliferation [62] . It can display a synergistic effect [60] and a cytotoxic effect on cell viability which have a chief role in antitumor and anticancer activity [63] . Previous studies reported that AgNPs can induce cell death in vitro and in vivo through a reactive oxygen species (ROS)-mediated apoptotic process [61, 64] . Gopinath et al. 2008 [65] , suggested that, Ag NPs by themselves may also act as a 
Conclusions
Cancer diagnosis, therapy and monitoring have been greatly influenced by nanotechnology. Various approaches have been developed to specifically targeted the diagnose and treatment of cancer prostate. Metallic and metal oxide NPs such as gold, and silver, are widely studied and shown a great result in the therapy of this type of cancer. Polymeric NPs were also found to be effective carriers for the delivery of the NPs. In the current study, Cs/PVA blend was synthesized by gamma radiation which could behave a nanoreactor for Ag and Au nanoparticle with promising anticancer applications. Cs/PVA/Ag and Cs/PVA/Au nanocomposites were confirmed by SEM, and TEM analysis. The anti-cancer activity of the prepared nanocomposites was demonstrated in prostatic cancer cell line and it has a significant effect against prostatic cancer. Future and challenges nanomaterials are potential tools of tremendous benefits that are now starting to be applied in the clinic. Soon improvements can be made to develop alternative medicine, metallic and metal oxide and polymeric NPs for their targeted delivery along with the anticancer agents to the site of prostate cancer and to treat the tumor with minimal side effects and damage to the normal cells. The study concluded that, the developing nanoparticle therapy in the right directions will improve the outcome of cancer patients and impact the future nanomedicine greatly.
